This paper shows how to take into account risk aversion when measuring poverty under income variability. An application to British panel data suggests that income and poverty comparisons between the self-employed and other groups of households are sensitive to assumptions on the degree of risk aversion. The results point to the importance of panel data in order to account for risk aversion and income variability in the measurement of poverty.
Introduction
While some types of workers may have higher expected earnings than other types, they may also have a higher variability in earnings. To the extent that the workers in the rst group are risk-averse, and that credit markets do not allow them to fully insure against uctuations, such variations in earnings may have large negative impacts on welfare. In this case income and poverty comparisons between the two groups of workers may be misleading if they do not consider risk aversion.
In this paper, we show how to take into account income variability when estimating poverty under risk aversion with panel data. While most of the work on risk and poverty focuses on the impact of covariant or idiosyncratic shocks on movements in and out of poverty, 1 we follow a different approach by directly incorporating risk into the measurement of income and thereby of poverty. We apply the standard concepts of risk aversion and certainty-equivalent income, and a speci c functional form for capturing the effect of risk aversion on utility. We rst compute risk-adjusted income measures at the individual and household levels (and for various groups of individuals or households de ned according to the occupation of the individual or household head). Thereafter, we use these computed incomes to estimate risk-adjusted poverty measures. The method follows the approach proposed by Makdissi and Wodon (2003) for computing risk-adjusted measures of inequality. In this case, we apply the method to poverty instead, showing also how to construct long term risk-adjusted relative poverty measures when we have many years of data at our disposal.
Two types of effects are at play in our proposed method to compute risk-adjusted poverty measures. First, we may observe lower poverty than at any point in time because we are averaging income over time using panel data, which mitigates the impact of shocks. However, this effect may be more than offset by another effect related to the disutility arising from income uctuations in the presence of risk aversion. While the net impact of the two effects is uncertain a priori, it is likely that as risk aversion increases, the second effect takes prominence over the rst.
Our empirical illustration of the methodology relies on British household panel data and focuses on a comparison of the poverty of self-employed workers, as compared to that of salaried workers, retirees and the non-working population. We focus on the self-employed, or rather on individuals or households whose head is selfemployed. This is because self-employment has become more common in many OECD countries over the last two decades, growing at double the rate of growth of civilian employment as a whole. In the United Kingdom especially, the non-agricultural self-employment rate basically doubled between the late 1970s and the late 1990s (Parker, 2003) .
Furthermore, it is well known that while the self-employed may enjoy higher mean earnings over time, they may also experience a higher variability in income ows. There are several reasons for this. First, as noted in the literature on rm dynamics, small businesses can easily go bankrupt, leading to a higher variance of earnings among the self-employed. As pointed out by Jovanovic (1982) , entrepreneurs do not know their exact level of ability before starting a venture. Therefore, the likelihood of failure is high, but those who have survived may exhibit high returns to experience by having learned gradually over time how to operate a business. The market-based selection process at work among small rms implies that, for any given level of human capital or experience, the inequality in earnings is likely to be wider among the self-employed than among other groups. This, incidentally, also explains why standard wage regressions have been found to have less explanatory power among the self-employed (Rees and Shah, 1986; Borjas and Broners, 1989) . 2 Second, the self-employed form a highly heterogenous group, and this heterogeneity may have increased over time (for data on the United Kingdom, see Parker, 1997 Parker, , 1999 . While those working in sectors providing professional services (such as banking, nance and business services, and to a lower extent sectors such as construction) may be doing well, others among the self-employed are often poor, especially in lower skill level service-oriented professions, in agriculture and in small scale manufacturing. For those among the self-employed who are the least quali ed, the instability of income is an additional worry apart from the low average level of income that they manage to earn.
Our empirical results using British household panel data suggest that income and poverty comparisons between individuals or between households whose head is self-employed, and other individual or household groups, are indeed sensitive to the assumptions on the degree of risk aversion of the individual or households. That is, as the level of risk aversion of the individual or household increases, the poverty measures obtained for individuals or households whose head is self-employed deteriorate much faster than the poverty measures observed for other groups of individuals or households. This in turn may have policy implications for the types of safety nets to be provided for the self-employed. Our results also show the importance of collecting panel data on income in order to be able to appropriately take into account risk in the measurement of poverty.
Data and Methodology
The data used here come from waves one to nine -the period 1991 to 1999 -of the British Panel Household Survey (Taylor 1995; ESRC 2001) . 3 The sample is restricted to individuals or households 4 with valid derived net annual household income in all waves (on the derivation, see Bardasi, Jenkins and Rigg, 2001) . Incomes are equivalized with McClement's scale before housing costs, and de ated by the CPI to January 1998 prices. In order to isolate the effect of income variability from growth, incomes are normalized by their annual mean, so that mean income every year is always equal to 1. We use a relative poverty line z which is set at half the annual mean income, as done in most applied work on the UK. Given that incomes are normalized, z D 0:5. The nal data set has nine yearly observations for either 4370 individuals or 2891 households depending on the samples used in the estimations.
We compute both short term and long term income and poverty measures. For individual or household i, short term income is the annual equivalized and normalized income at time t, denoted by x it . Denoting the sample size by n, the number of the poor by q, and ordering incomes from the lowest to the highest, the short term F GT (Foster, Greer and Thorbecke, 1984) poverty measures are
To estimate long-term risk-adjusted income and poverty, we assume that utility follows a Constant Relative Risk Aversion (CRRA) function. Denoting by T the number of periods and by the constant Arrow-Pratt relative risk aversion coefcient, the certainty equivalent income y i is
For the estimation of risk-adjusted poverty, we simply replace x it by y i in the above expression for the FGT measures (adjusting the number of the poor q accordingly). If there is no risk aversion ( D 0), y i is simply x i , the mean of the 3 The data (and tabulations) used in this paper were made available through the UK Data Archive. The data were originally collected by the ESRC Research Centre on Micro-social Change at the University of Essex, now incorporated within the Institute for Social and Economic Research. Neither the original collectors of the data nor the Archive bear any responsibility for the analyses or interpretations presented here. 4 We will de ne precisely the different samples used -whether individuals or households -in the sensitivity analysis below.
individual's or household's normalized incomes x it over the nine years, in which case the averaging may well lead to a reduction in the observed poverty measures. However, under relatively high levels of risk aversion, we would expect the poverty measures to increase, especially for those individual or household groups which suffer from a higher volatility in incomes.
Note that cases with reported zero incomes reported in the surveys at any point in time cannot, in principle, be included in the estimation, since y i is not de ned for x it D 0 when > 1 (Equation 2). Such cases were very rare in our data, however. In the case of individuals, for example, only 27 out of 39930 observations had valid zero incomes. For computational convenience, and in order to work with the same data for all values of the risk-aversion parameter, these 27 observations were assigned a value of one tenth of the year's mean income. Finally, in part because we focus here on the demonstration of the usefulness of a new methodology, we did not attempt to correct the results for the potential biases caused by attrition in the panel, as this would be dif cult to implement in a setting such as ours.
Sensitivity Analysis
We will consider two types of tests for the sensitivity of our results to methodological assumptions, regarding the way we obtain our adjusted incomes and the relevant samples for the estimations.
The rst type of sensitivity analysis concerns the possible bias introduced by the predictable variations in income. When estimating y i , we are controlling for average growth in mean incomes over time, in order not to consider such growth as variability. Note that this does not affect poverty measurement for any given period since we use relative poverty measures with a poverty line de ned in terms of half the mean contemporaneous income. However, what is the effect of predictable variations in income at the household level? Arguably, some households see their income growing (or being reduced) over time and, if this is predictable, it should not affect negatively the value of y i . This issue is linked to the concept of income mobility over time, whereby individuals may improve their earnings by moving up in the distribution of income, as discussed by Shorrocks (1976) .
In order to test the robustness of our comparisons to assumptions regarding the predictability of changes in income at the household level over time, we rst compute the certainty equivalent income based on a Taylor approximation of (2), which can be used for relatively small values of
Here, 2
is the variance of the household's stream of incomes and R A is the ArrowPratt measure of absolute risk aversion
We then replace in (3) the observed variance 2
. Finally, as an additional robustness check, we also use a smaller estimated value of 2 x i in (3), equal to the variance of a trend-line regression for each household. The implicit assumption is that only variations away from the trend line represent risk, and should therefore be accounted for in the risk-adjusted measures of income and poverty. Four trends are tted to the nine observations of each household:
, log x it D log C t C e i , and log x it D log C log t C e i . For each household, the regression with the highest R 2 is chosen, and the detrended Taylor approximation is
This procedure is crude and ad hoc, but it is still useful to test for the robustness of comparisons of risk-adjusted income and poverty to assumptions regarding the predictability of changes in income over time at the household level.
The second type of sensitivity analysis concerns the relevant samples on which we carry out our analysis, namely whether we should consider individuals or households for our income and poverty measures.
The baseline estimates that we will present correspond to estimates of poverty for all the individuals who were 15 or older in 1991 and remained in the sample during the 9 rounds. This includes both heads of household and other household members. The weights used for the estimation are the last wave's longitudinal enumerated weights provided by the BHPS. The job status corresponds to each individual's most common work status over the period under review. We will consider four different categories: self-employed individuals, salaried individuals, retired individuals, and "others" (i.e., the unemployed, students and those who are not in any of the other categories). The income variable for each individual is the household's net equivalized income, since poverty is a household-based concept and we want to take into account the needs of households of different sizes and composition.
One potential drawback of using all the individuals from the balanced panel is that we do not take into account children and family size in the analysis of poverty. While our income measure is equivalized, our sample includes only adults, or more precisely individuals aged 15 years or older for which the employment category is recorded. Note also that in some cases, individuals with different work status will have the same income since we use household income in the analysis and we might have more than one household member per round.
The alternative is to use households as the unit of analysis, and to provide poverty estimates on a household (taking into account household weight) or on a population basis (taking into account household weight and size). Since a household will typically have more than one individual aged 15 or more, we need a rule to allocate the household as a whole to one of the four employment categories mentioned above. We chose to classify the household as self-employed, salaried, retired, and "other" on the basis of the most usual job status of the household head. The results from these alternative estimations, qualitatively very similar to the ones discussed in the next section, are discussed in the appendix. Table 1 gives our baseline short term and long term FGT poverty measures with D 0; 1 and 2. Remember that these estimates only take into account individuals aged 15 or over. We discuss household based estimates in the appendix. The average of the nine short term headcounts is 15 percent, which is slightly lower than other estimates due to our sample selection, but still overall consistent (Jenkins 2000; Jenkins, Rigg and Devicienti, 2001) . We also report the long term poverty measures for equal to 0, 1 and 2. These are the values typically used in the literature. Arrow (1971) has argued on theoretical grounds that should be around 1, but Friend and Blume (1975) have presented empirical evidence based on portfolio holdings that the coef cient may be around 2, and Hildreth and Knowles (1982) have obtained estimates between 1 and 2. When using mean income (i.e., when assuming that D 0), the long term headcount is much lower (10.1 percent) than the average of the short term measures, due to smoothing introduced by averaging incomes over a relatively long period of time. However, as increases, income is reduced and poverty increases, for both the headcount and the measures of severity of poverty (poverty gap and squared poverty gap). With D 2, the certainty equivalent income is 0.9211 versus 1.000 when D 0, which means that 7.9 percent of mean income is "lost" due to risk, yielding a headcount of 16.3 percent. Note in Table 1 that the values for the Taylor approximation are close to the "exact" values for low values of , but start to diverge slightly for D 2.
Application to UK data
In Table 2 , we compare income and poverty measures for four groups, according to whether the individual is self-employed (6.4 percent of the population), 5 wage earners (44.9 percent of the population), retired (31.1 percent of the population), or in none of these three categories (17.6 percent). Note that since we have observations for a period of nine years, and individuals may change status, we need a rule to allocate them to the various categories. As mentioned earlier, anyone who belonged to one category in at least ve periods was classi ed as such. All others, including the unemployed and students, were classi ed as "other". The relatively large proportion of individuals who are classi ed as retired is due to the fact that we are using a balanced panel. The resulting sample excludes those who entered the labour force during the period in review. A few ndings stand out. First, individuals who are working have higher levels of household income and lower probabilities of being poor than individuals who are not working. Second, despite similar expected levels of household income, individuals who are self-employed tend to be poorer than individuals who are salaried. Although this is not documented here, this is essentially because inequality among the self-employed (a fairly diverse group) is higher than among salaried workers (Parker, 1997) , and this translates directly into household income even if in some cases, having one household member self-employed and one member salaried is a way to smooth income shocks. Also, because retirees form a more homogenous group, there is less inequality among them than among the "other" category, which means again that despite roughly similar average levels of income, poverty is lower among retirees than among the "others" (the "homogeneity" of retirees in terms of income is probably due in large part to the social security system).
Does the way in which we account for income variability in risk-adjusted measures of income and poverty affect the ranking of the groups? That is, are our comparisons between groups sensitive to the choice of value for ? They are, to some extent. For example, the straight mean expected long-term relative income ( D 0) of self-employed individuals, 1.23, is higher than that of salaried individuals, 1.18 (Table 2) . By contrast, for equal to 1 or higher, salaried individuals have a higher risk-adjusted income than self-employed individuals. In terms of poverty, most rankings are robust to the choice of the risk aversion parameter, at least up to D 2 (for higher values of , poverty among the self-employed becomes higher than among retired individuals).
The magnitude of the differences in poverty measures between groups clearly does depend on the assumptions for risk aversion. Poverty measures tend to increase much faster with risk aversion among the self-employed than among other groups, as expected. For instance, the poverty headcount for D 0 is 4.52 percent for the self-employed and 15.23 percent for the retired, but this difference becomes relatively lower with higher levels of the risk aversion parameter: for D 2, the headcounts are 15.26 and 21.08 percent respectively, with similar patterns for the poverty gap and the squared poverty gap. 
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We mentioned earlier in the methodological section that while we are controlling for the income variability due to growth in the estimation (since we are using relative poverty measures with a poverty line de ned in terms of mean income), we do not control for predictable household level income variability. Are the income and poverty comparisons robust to assumptions regarding the predictability of income variability at the household level? To answer this question, we need to compare the Taylor detrended measures with the "exact" measures in Table 2 . In most instances, detrending does not affect the income and poverty comparisons. That is, the detrended Taylor measures yield only sightly higher incomes and slightly lower poverty than the exact measures, suggesting that in the aggregate, the noise in the measure of risk introduced by upward or downward mobility may be limited.
Finally, does the use of individual versus household weights, and the choice of method to classify individuals and households to the four categories of work status affect the results? As mentioned in the methodological section, we estimated another set of income and poverty measures by using household observations instead of individual observations, by classifying households according to the main job status of the household head, and by computing income and poverty measures both with household and population weights (in the latter case, we also take into account household size apart from the household weight). The results are given in the Appendix, and they are fairly similar to those for individuals aged 15 years or more presented in Tables 1 and 2 .
Conclusion
Analysts often rely on cross-sectional statistics on income to assess the level of poverty, but these results do not re ect the risk component associated with income variability. In this paper, we have provided a simple method for estimating (longterm) risk-adjusted measures of poverty. The method is based on the concept of certainty equivalent income, standard in the risk literature. While averaging income data over time using panel data may reduce poverty measures by mitigating the impact of negative shocks, this effect may be more than offset when the disutility from income uctuations due to risk aversion is taken into account. Using detrended income measures in the tests for the sensitivity of our results to our assumptions also allowed us to distinguish between income mobility, which may be predictable, as noted by Shorrocks (1976) , and income variability, which represents genuine risk with a negative impact on welfare.
The application to long-term relative poverty comparisons in Britain suggested that income and poverty comparisons may be affected by the assumptions used to take into account the disutility induced by risk. More generally, the sensitivity of income and poverty comparisons to issues related to income variability shows the importance of collecting panel data in order to be able to appropriately take into account risk in the measurement of poverty.
One implication of the results of the paper is that means tested poverty programs should probably use information on the stream of income of individuals instead of single observations at one point in time. A somewhat similar point was made by Dick, Edlin and Emch (2003) in their study of the impact of college nancial aid programs on the saving behavior of parents in the U.S., although their discussion related to the fact that a household with low income in a single year may not in fact be poor, which may hold even if households are risk neutral. The issue of considering households' income stream is probably even more important when households are risk neutral.
Before concluding, it is worth pointing out that the inability to account for risk with cross-sectional data is only one of many potential weaknesses of income measures based on such data. For example, another type of information typically ignored in the standard distributional analysis of income with cross-sectional data is the time available for non-work activities, including leisure or time spent for the education of one's children at home. The method developed in this paper does not allow us to take into account the welfare impacts of changes in time for such activities. This is certainly another research path that is worth exploring with good panel data, especially in the context of welfare reforms promoting work.
Finally, in this paper we did not take into account the fact that the employment status of household members may change over time, since we allocated households according to employment type using the modal status of the household head. Future work could be done to measure occupation-speci c risks when occupations change over time.
A Appendix
In this appendix we brie y review the results obtained with alternative de nitions of the samples and the weights employed in the calculations.
For the results discussed in the main body of the paper, we used a balanced panel of 4370 individuals. The BHPS is a complex survey with many different weights (e.g., individual cross-section enumerated and respondent weights, as well as longitudinal enumerated and respondent weights for the individuals present in all the rounds). We chose to weight the observations for our main results by the last round's longitudinal enumerated weights.
As discussed in the sensitivity analysis section, we could also rely on household level analysis, weighted (or not) by household size. These are the estimations presented in Tables A1 to A4, using data on 2891 households present in the nine rounds of the survey from 1991 to 1999.
Note that there are no panel household weights in the BHPS, because the survey follows all individuals as households split. For each round we thus used the household's cross sectional weights. Note also that for the intertemporal results (i.e., income averages and risk adjusted incomes over the 9 years), we used the weights of the last round. Using weights of a different round did not make much difference in the results. Moreover, as discussed in the text, we chose to classify the household as self-employed, salaried, retired, and "other" on the basis of the most usual job status of the household head (irrespective of who the head is, since over a long period it can rotate within a household).
Tables A1 and A2 present our results using households rather than individuals aged 15 and over as the unit of observation, weighting by household weights and household size (these results are representative of the whole population). Tables  A3 and A4 present the results when we use household weights only, representing the proportion of households. Note that household-based poverty measures are larger than population-based measures. While this may sound counter-intuitive, it is essentially due to the use of our equivalence scale (per capita measures would result in the more usual result of higher poverty measures on a population as opposed to a household base because then larger households tend to be considered as much poorer.)
The more important nding is that in terms of our risk adjusted poverty estimates, essentially all the conclusions mentioned in the main body of the text apply also for these alternative results. For example, income and poverty measures for the households assigned to the self-employed group are much more sensitive to the assumptions made for risk aversion than other groups of households. 
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